UNCLASSIFIED

AD NUMBER

AD474825

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution: Further dissem nation only as

directed by Arny Mbility Command, Attn: AMCPM

GP-MPM Warren, M 48090., DEC 1965, or higher
DoD aut hority.

AUTHORITY

CSS neno dtd 22 Mar 2013

THISPAGE ISUNCLASSIFIED




SECURITY
MARKING

The classified or limited status of this repoit applies
to each page, unless otherwise marked.
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF

{Xﬁ CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and .
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.




474825

AD

USATECOM PROJECT NO, 1-6-4030-11
RDTGE PROJECT NO. NOT AVAILABLE
ENGINEER DESIGN TEST
TRUCK, UTILITY, ?;4-TON, 4X4, M151
(RIDE AND HANDLING CHARACTERISTICS)
FINAL REPORT
BY

W. S. THOMPSON o DC
7

T -
DECEMBER 1965 !

DEC 15 1965
REPORT NO. DPS-1847

ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND




DDC AVAILABILITY NOTICE

All distribution of this report is controlled. Qualified DDC

users shall request through Commanding General, US Army

Mobility Commanc, ATTN: AMCPM-GP-MPM,

REPRODUCTION LIMITATIONS

Reproduction of this document in whole or in part is prohibited

except with the permission of CG, USAMOCOM, ATTN: AMCPM-GP-MPM,

DDC is authorized to reproduce this document for United States
Government purposes,

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed. Do not return
it to the originator,

DISCLAIMER

The findings in this repori are not to be construed as an official
Department of the Army position, unless so designated by other
authorized documents issued and approved by the Department of the
Army.




-

ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005

ENGINEER DESIGN TEST OF TRUCK,
UTILITY, 1/4-TON, 4X4, M151 (RIDE AND

HANDLING CHARACTERISTICS)
RDTSE PROJECT NO. NOT AVAILABLE
USATECOM PROJECT NO. 1-6-4030-11

FINAL REPORT
REPORT NO. DPS-1847

PREPARED BY: W. S. THOMPSON

DECEMBER 1965

iii




-

ABSTRACT -~

FOREWORD -~

SECTION 1.

SECTION 2.

SECTION 3,

SECTION 4.

TABLE OF CONTENTS

PAGE
L T TR R Ry e Y L LT LNy vi
L Y Y YT YT T Y T L L Y Y Y L T T T T Y vi
GENERAL ===e=-- cmmemmaeBacSanaa cmemcmaccccccmcecacaa= 1
l.1 Objective ==cecccccccccccaccaaaa. ceccccccccmccan 1
1.2 Responsibilities --eeececeee-. SRS O OEEOOEO0 1
1.3 Description of Materiel ---ce--- cemena cmecccaca- 1
1.4 Background -eececcccccccccccccccccccccccccacccaa- 3.
1.5 Findings eccecemcccccccccccccacccccccacaas oo 3
1.6 Conclusions =eeeececcceccccccccacac. cccccwcscnan 4
1.7 Recommendations =---rneeccacececccaccccccacccaaa- . 4
DETAILS OF TEST =eceeccccccce- csescscsceccccscmsnaceaa 5
2. Intl‘oduction --------- LAl Al D A L L ] 5
2.1 Initial Inspection and Preparation =------ecec--- 5
2.2 Instmentation ----- Ssecesas cocesssscwssascscewes e 5
2.3 Load Distribution e-ceeccccvencccecacac.. ST 6
2,4 Chicane Course Operation ----- avecccccccacas === g
2.5 Level Cross-Country Operation --e-c-cccecceccccco- 12
2.6 Hilly Cross-Country Operation ------ EN—— D 14
2.7 Munson Course Operation --eeecececcecccceccccca-a- 16
APPENDICES --weecce-- cmecaccca- S I-1
Test Data =wveececccrcccccccccercccacacccacecacanana- 1-1
COrrespondence =---eeececceccccccccceccccccccccccanan 11-1

DISTRIBUTION LIST
ABSTRACT CARDS

DD FORM 1473




- xs

ABSTRACT.

A test was conducted to compare tl> relative ride and handling
characteristics of the standard M151 truck with those of an M151 truck
incorporating a solid rear axle with single leaf semielliptical rear
springs. The test was conducted from 13 through 26 October 1965.

A jury of six drivers performed comparison operations under various
vehicle load conditions over specified test courses at Aberdeen Proving
Ground, Maryland. Chicane? course operation was augmented by instru-
mentation measuring steering wheel angle, true road speed, road wheel
dynamic deflections, and lateral acceleration. After executing severe
turning maneuvers on paved surfaces, driver preference was 5 to 1 for

the solid-axle-equipped M151 truck; however, after operation on the
cross-country courses, driver preference was 6 to 0 for the standard

M151 truck. Operation and data show stability of the solid-axle-equipped
M151 vehicle to be more easily maintained by virtue of a tendency to slide
out on a paved surface, whereas the standard M151 tends to tuck the outer
rear wheel under the body. This adversely affects stability in a manner
not felt by the operator. On the other hand, the modified M151 truck

had poorer ride characteristics on rough surfaces and less control on
loose surfaces, thereby offering reduced mobility under tactical conditions.

3Chicane is the industry terminology for a steering effort course such as
the sine-wave path shown in Appendix I-1.

FOREWORD

This test was authorized by USATECOM Project Directive, 10 September
1965. Instrumentation data are from Field Engineering Report No. 65-289.

vi
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ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005

USATECOM PROJECT NO. 1-6-4030-11
FINAL REPORT OF ENGINEER DESIGN TEST OF TRUCK,
UTILITY, 1/4-TON, 4X4, M151 (RIDE AND

HANDLING CHARACTERISTICS)

13 TIHROUGII 26 OCTOBER 1965

SECTION 1. GENERAL

1,1 OBJECTIVE

This test was conducted to evaluate the ride and handling character-
istics of a modified M151 truck equipped with single-leaf semielliptical
rear springs and a solid rear axle by comparison with a standard M1S51
truck,

1.2 RESPONSIBILITIES

Not applicable.

1,3 DESCRIPTION OF MATERIEL

The test vehicle was a production model truck, utility, 1/4-tonm,
4X4, M151 which was modified to incorporate a solid rear axie suspended
by two single-leaf semielliptical rear springs (Figure 1). Two cross-
pin type front shock absorbers were used. These had standard operating
lengths and 1/2-inch extended compressed lengths. The front coil springs
were nonstandard, having spring rates of 627 pounds per inch (standard
spring rate is 513 pounds per inch). The USA registration number of this
vehicle is 2E297¢ and is identified in this report as the modified
vehicle. :
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Figure 1: Modified M151 With Solid Rear Axle (View from Rear
Looking Forward),

The comparison vehicie was a standard 1/4-ton utility truck, 4X4,
M151, with confirmed serviceable shock absorbers and other rear in-
dependent suspension components (Figure 2). New tires were installed
prior to testing. The USA registration number of this vehicle is 2LY033
and is identified in this report as the standard vehicle.

Figure 2: M151, 1/4-Ton (View froa Rear lLooking Forward).

*r
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The test vehicles were outfitted with one set of outrigger struts

used alternately on each vehicle during instrumented chicane course
operation.

A 1/4-ton, 2-wheeled cargo trailer, M100 was used as a towed load.
Empty weight was 560 pounds; cross-country loaded weight was 1560 pounds.

1.4 BACKGROUND

Reports from using activities have indicated the standard M151
independent rear suspension is a suspected cause of traffic accidents
involving vehicle roll-over, Investigation proposes that the driver
is not aware of approacning instability until he has lost control of
the vehicle, An 151 truck was fitted with the more familiar solid rear
axle and shipped to Aberdeen Proving Ground for comparison testing with
a standard vehicle,

1.5 FINDINGS

When negotiating a turn, the rear cuter wheel of the standard MI151
truck tends to tuck under the vehicle., The modified M151 truck slides
out of the turn,

Rear wheel dyramic deflections during chicane course operaticn show
the standard M151 to lean more in slight turns than the modified M151;
however, the jury judged the modified M151 vehicle to lcan more in severe
turns.

Front wheel dynamic deflections were nearly ideatical for the two
vehicles under like conditions,

The standard M151 truck pitched more when braking.

Steering wheel position data show the standard MIS1 truck to require
iess steering wheel displacement and correcting motion; the jury con-
sistently verified this comparison,

Without payload or towed load, ride quality of the standard M151
truck was judged superior to that of the modified M151, With payload and
towed load, ride qualities of the two vehicles were nearly equal,

Maxioum safe speeds of the modified M151 truck in cross-country
operation were siightly lower than those of the standard M151. Limiting
factors for the modified vehicle were driver discomfort on rough surfaces
and less control with slide-out on soft surfaces.

Maximum safe speed of the modified M151 truck in severc turns on
paved surfaces was 2 to 3 mph greater than that obtained from the

3




standard M151. While both experienced rear inner wheel lift-off, the tuck-
under tendency was the limiting factor for the standard vehicle,

Over-all driver preference after chicane course operation was 5 to 1
for the solid-axle-equipped M151 truck; however, after cross-country
operation, preference was 6 to 0 for the standard M151,

1.6 CONCLUSIONS

Based on tlie results of this test it is concluded that:

as

C.

e,

Either vehicle can be overturned unless driver familiarization
and good sense are applied. Each is capable of speeds at which
vehicle roli-over can occur,

The steering of the standard M151 truck is subject to the effect
of outer rear wheel tuck-under which acts to abruptly modify
steering effect adversely without immediate awareness by the
driver., The magnitude of this effect occurs at the peak of

the turn but is commensurate with the speeu at time of entry

and usually cannot be adequately neutralized by the time stability
limits are exceeded (ref par, 2.4.4).

The slide-out tendency of the solid rear axle can be an aid in

maintaining stability on paved roads but it produces a greater

tendency to slide off a soft road surface, thus detracting from
over-all speed and mobility of the M151 truck in cross-country

environment (ref pars. 2.6.4 and 2,7.4).

Ride quality on unpaved suirfaces is reduced using the solid
rear axle; cross-country mobility is thereby reduced in this
respect (ref pars, 2.5.4 and 2.7.4).

The rear suspension modification, in the configuration tested,
produces no change in resultant front wheel dylamic deflections
on paved surfaces (ref Appendix I-2 through I-5).

1.7 RECOMMENDATIONS

The solid rear axle configuration should be incorporated in the
1/4-ton utility truck, 4X4, M151 only if highway safety is the pre-
dominant mission consideration over taictical mobility, or if tactical
mobility of the standard M151 is of a degree which renders some degrada-
tion permissible.
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SECTION 2, DETAILS OF TEST

2, INTRODUCTION

A 1/4-ton utility truck, 4X4, M151, USA registration No. 2E2976,
was received at Aberdeen Proving Ground on 10 September 1665. The
vehicle was outfitted with two single-leaf semielliptical rear springs
and a solid rear axle for ride and handling evaluation tests. Slight
changes in front springs and shock absorbers were included in the
modification., The comparison vehicle, a standard M151 truck, re-
gistration No. 2E9033, was furnished by APG. Testing was conducted from
13 October through 26 October 1965.

2.1 INITIAL INSPECTION AND PREPARATION

21t Objective

To assure serviceability of drive train and suspension cumponents.

2.1,2 Method

An inspection was performed on each vehicle for flaws in suspension
system components, front wheel alignment, and engine performance.

2.1.3 Results

All suspension components on each vehicle were confirmed serviceable.
Minor front wheel alignment adjustments were required on the modified M151
truck, New tires were required on the standard vehicle to assure
similarity between vehicles in this respect, D\inor tune-up was accomplished
on each vehicle,

2.1.4 Analysis
Not applicable.

2.2 INSTRUMENTATION

2.2.1 Obiective

To integrate each test vehicle with the required instrument pack-
age and a set of anti-roll outrigger struts and wheels,

5
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2,2.2 Method

Each vehicle was equipped with instrumentation to measure the
following:

a, Steering wheel angle in degrees (potentiometer).

b, Lateral acceleration of each corner of the vehicle in gjs
(linear accelerometer transducers),

c. Road wheel dynamic deflection, in inches (potentiometers),
d. True road speed in mph (trailing fifth wheel),
e. Outrigger contact with road off/on (switches),

The vehicle instrument package was completed with the addition
of the multichannel radio link transmitter and antenna,

2.2,3 Results
The instrument system was calibrated and operated satisfactorily,
The 250-pound weight of the instrumentation and outrigger assemblies

prevented vehicle testing in the empty condition; however, this weight
was used as a part of the cross-country payload.

2.2.4 Analxsis

The instrumentation system used was adequate to produce the data
required by the test directive,

2.3 LOAD DISTRIBUTION

2,3.1 Obiective

To determine the load distributions of the vehicles as tested,

2,3.2 Method

Loadometer cells were used tu determine wheel loadings of each
vehicle (excluding driver) at each of the following conditions:
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a, Basic vehicle; no payload, no instrumentation.

b. Vehicle without payload but with instrumentation and
outriggers.,

c. Vehicle with payload; instrumentation and outriggers were
part of the cross-country payload.

2.3.3 Results
Load distributions of the two vehicles (excluding driver) and
of the trailer are shown in Table I,

Table I, Load Distribution

Wheel Loading, 1b
L Right Left Right Left
Condition Front Front Rear Rear Total

Vehicle: Truck, M151, registration No, 2E9033 (standard).

Basic vehicle 700 710 540 580 2530
Without payload but with 710 720 670 680 2780
instrumentation and
outriggers
With payload 710 730 780 810 3030

Vehicle: Truck, M151, registration No. 2E2976 (modified).

Basic vehicle 670 680 530 560 2440
Without payload but with 690 680 640 680 2690
instrumentation and
outriggers
With payload 690 690 760 800 2940

Vehicle: Trailer, M100,

Empty - - - - 560
With payload - - - - 1560

2.3.4 Analzsis

The 250-pound weight of the required instrumentation and cutrigger
assemblies prevented instrumented testing in the empty condition; how-
ever, this weight was used as part of the cruss-country payload during




the chicane course operation, All other jury operation was not i str -
mented and employed standard dead weight payloads when required

2.4 CHICANE COURSE OPERATION

2.4.1 Obiective

To provide jury evaluation of the comparative ride and handling
characteristics of the test vehicles with respect to steering maneuvers.
on a paved level surface, Also, to obtain instrument data to supplement

this evaluation,
24,2 Method

Each of six jury drivers made one northbound and one southbound
pass through the chicane course (ref page I-1) at each nominal test
speed under each of the following required load conditions:

a. Vehicle empty (except instruments),

b. Vehicle empty (except instruments) towing empty trailer,

c. Vehicle with cross-country payload.

d., Vehicle with cross-country payload; with 1500-pound gross
towed load.

bata were transmitted from the test vehicle via a multichannel
radio link telemetry system to a recording van where it was recorded on
magnetic tape, Subsequently, all data were transcribed from the tape
through a recording oscillograph onto oscillograms for data reduction.

Planned test speeds were 15 mph, 20 mph, and maximum; however,
20 mph was maximum for the standard MI1S1 truck,

Each driver answered th- -“~stionnaire (ref nage I-12) once for
each load condition, a totai .. .our times during this test phase.

2,4.3 Results

The data presented in thls report illustrate vehicle characteristics
as each negotiated the 25-foot-radius curve shown on page I-1. The values
are arithmetical averages of the results obtained from individual drivers.
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There was no appreciable difference between vehicles in the
relative dynamic deflection characteristics of the front wheels. Maximum
deflections ranged from approximately 1 inch in jounce to 2 to 3 inches
in rebcund. In this report, wheel deflection toward the body will be
termed jounce; wheel deflection away from the body will be termed rebound.
Front wheel characteristics are presented on pages I-2 through I-5,

Relative rear wheel reactions differed considerably between
vehicles, The inner rear wheel of each vehicle lifted, but the de-
flection magnitudes produced in the standard rear suspension were
consistently greater than those of the modified suspension - nearly
twice as much rebound at 15 mph and as high as 4 times as much at 20 mph.
(Ref pages 1-2 through I-5; upper quadrants of the rear wheel character-
istic curves.)

The primary difference in turning behavior occurred at the outer
rear wheel of each vehicle. The modified vehicle leaned at a rate that
was nearly proportionate to the speed of entry into the turn., With
increased speed, the modified M151 truck slid considerably and thereby
understeered; in the 21-mph range, slight inner rear wheel lift-off
occurred.

Behavior of the standard M151 truck through this turn was similar
to that of the modified M151 at speeds up to 17 mph, except for the
greater lean shown by the data. At speeds above 17 mph, characteristics
differed greatly. As the standard M151 truck entered the test turn,
the outer rear wheel developed 1-1/2 inches of jounce. Then, as the
vehicle progressed into the turn, the direction of outer rear wheel
deflection reversed into rebound until the wheel began to tuck under
the body. At the same time, the inner rear wheel was also in rebound
position, resulting in rear end lift of about 2 inches or more at 20 mph.
Slide-out ranged from undetectable to minimal. Further, from the data
it was noted that additional lean developed at a lower rate from the
moment when the outer rear wheel deflection reversed and tuck-under
began until instability was reached. Characteristic curves for the
outer rear wheel deflections on this vehicle (pages ¥-2 through I-5)
illustrate this behavior by the use of two pcints, A and B, corresponding
to 20 mph. Point A represents the maximum jounce deflection at this
wheel while the vehicle leaned into the turn., Point B represents the
maximum rebound deflection at the same wheel, attained momentarily later
as the wheel! tucked under the body. Page I-9 shows traces for a sample
run, Right rear wheel movement illustrates tuck-under, Right rear wheel
movement illustrates initial lean followed abruptly by reversal into
tuck-under.

In most cases, the modified M151 truck required more steering
effort (ref pages I-10 and I-11).
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No significant differences were noted in the lateral
accelerations experienced by each vehicle in this phase. Side thrusts
were about the same under each conditicn; maximum g loadings at the
nominal 20 mph speed ranged from 0.7 to 1.1 g's. Lateral accelerations
and supplementary data are summarized on pages I-6 and I-7,

Additional road wheel deflections produced by the modified M151
at maximum speed in the 25-foot radius turn are summarized on page I-8.

Jury evaluation of this phase of testing is tabulated on page I-13,

2.4.4 Analzsis

The differences in handling and stability characteristics of the
two vehicles stem almost entirely from outer rear wheel behavior; i.e.
in turns, the modified M151 truck tends to slide out and tiie standard
M151 tends toward outer rear wheel tuck-under.

The two vehicles enter a turn similarly., Each begins to lean
at a rate easily sensed by the driver; forces felt by the driver cof each
vehicle are about the same at this point. If the turning maneuver is
of sufficient severity, outer rear wheel tuck-under begins with reversal
in the direction of displacement at this wheel. At this point in the
turn, the threshold of instavi’ity i: approaching and the driver can-
not detect it. From here on, the reduced lean rate produces ralse
confidence; rear end 1lift and the absence of sliding tend to make
the vehicle feel sure-fcoted. In actuality, outer rear wheel tuck-under
is closing the distance through which the center of gravity of the
vehicle must travel before turn-over occurs. Also, the rising rear end
further impairs stability by raising the center of gravity higher above
the road. This provides the upset forces and more leverage about the
points of road contact.

On the other hand, the modified M151 vehicle simply remains in a
leaning attitude, sliding if necessary, to continue negotiating the turn.
The driver gages the amount of lean as a measure of stability. lle also
feels and hears the sliding action and immediately recognizes it as a
symptom of approaching instability.

These conditions prevailed in testing under the first three load
conditions, Neither the cross-country payload nor the empty trailer
altered the comparison significantly. With the addition of a loaded
trailer, some changes were noted. It was found that the 1500-pound
gross towed load increased slide-out tendencies of the modified M151
truck and reduced maximum speed through the 25=-foot radius turn to 20
mph, whereas the load exerted on the pintle of the standard M151 retarded

indication of approaching instability.

10
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Perhaps of even more import, is the modifying effect on steering
produced by the outer rear wheel when it tucks under the body. The
characteristic is sharply defined in the steering wheel position
characteristic curves in pages I-10 and I-11. As tuck-under occurs,
the outer rear wheel has the effect of steering the rear end around the
turn and aiding over-all steering effort.

The curves tend to illustrate this aspect as little additional
steering wheel angle is required for the standard M15! truck to negotiate
the 25-foot turn at speeds above 15 to 16 mph (the speed at which tuck-
under began to appear in this test turn). On occasion, less steering
wheel angle was measured at 20 mph than 2t 15 mph for this vehicle;
however, the modified M151 truck required more steering effort with
increased turning speed. In the standard M151 vehicle, the relative
difference in steering effort was supplied by the outer rear wheel.
This causes maneuvering of the vehicle to be easier until the limits
of stability are exceeded, and then it causes upsetting of the vehicle
to be easier. Just before upset, this steering assistance opposes
corrective steering effort and cannot be regulated in time since it is
produced as a function of speed, and as such, was reasonably predeter-
mined when the vehicle entered the turn,

The modified M1S1 truck appeared to offer a safety valve effect
in that the inner rear wheel tended to lift and lose traction thereby
helping to prevent further forward momentum at a critical moment. The
greater range of movement in the inner rear wheel of the standard M1S1
truck allows it to reach down for the road and to continue driving the
vehicle a little longer when approaching instability.

The jury consensus was as follows:

a, Both vehicles leaned about the same amount in turns, They
were unable to detect the differences shown by the instrument
data.

b. The standard M151 truck required less wheel turning. Resolution
of the instrument data generally confirmed this, but showed
considerable variations between individual drivers.

c. The majority of the jury voted for the modified M151 truck as
producing a greater sense of confidence and control. Those
voting for the standard M151 vehicle tempered their decision
by adding that it may have been a false sense of confidence.

d. The highway ride quality of the standard M151 truck is slightly
superior on paved surfaces,

e. The jury preferred driving the modified M151 truck by as high
a margin as 5 to 1 during the maneuvering test phase,

11
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2.5 LEVEL CROSS-COUNTRY OPERATION

2.5.1 Objective

To provide jury evaluation of the comparative ride and handling
characteristics of the test vehicles operating on level cross-country
roads.

2.5.2 Method

Each of six jury drivers operated each vehicle for at least ore
cycle on the S-mile-long No. 1 cross-ccuntry course at Perryman Test
Area, under each of the following load conditions:

a., Vehicle empty,

b. Vehicle empty, towing empty trailer.

c. Vehicle with cross-country payload.

d. Vehicle with cross-country payload with 1500-pound gross
towed load.

The test course was level and included both sharp and sweeping
curves. The road surface consisted primarily of quarry spall and bank
gravel characterized by pot holes, washboarding, and rutting, up to

6 inches deep, throughout the length of the course, Weather was dry
at all times.

Each driver answered the questionnaire once for each load
condition, a total of four times during this test phase.

2.5.3 Results
Jury voting results are tabulated in Appendix I-14,

Average speeds attained on this course are shown in Table II.

12




Table II. Road Speeds, Cross-Country Operation

Average Speed, mph

Tndividual Driver Over-All
Modified Standard Modified Standard
Load Condition’ M151 M151 M151 M151
Empty 18,5 to 20,3 19.0 to 22,3 19,50 19,90
Empty, with empty 19,5 to 20.6 20,3 to 24,6 20,00 21,38
trailer
Loaded 22,4 to 29.0 21,9 to 28.3 24,60 24,44
Loaded ,with load- 20.0 to 24.5 20.9 to 23.9 22,52 22.90

ed trailer

2.5.4 Analxsis

The principal feature evaluated on this course was ride quality
and its effect on cross-country mobility. The solid axle definitely
compromises the M151 vehicle ride quality in the empty load condition,
This slightly reduces attainable speeds due to driver discomfort. Per-
sonnel discomfort actually contrasts substantially more than the average
speeds would indicate, As a bump is encountered by one side¢ of the
modified M151 truck, shock is transmitted heavily to personnel on the
other side, whereas the independent suspensioi of the standard M151 tends
to substancially isolate the shock.

In the loaded conditions, comparative ride qualities approach
equality. That is, the weight has the effect of smoothing out the
bumps, but the transmissability feature tends to increase the apparent
number of bumps sustained by the modified vehicle,

The jury felt that the standard M151 vehicle required move
steering control while braking in the empty conditions, but with tae
addition of load, the modified M151 required more such control. The
differences in this respect were not greatly significant.

As in the previous test phase, the jury felt that the modified
M151 truck leaned more in turns. This is disputed by instrument data,
hence this opinion is questionable, and may bc a result of the seat of
the pants aspect of the solid axle suspension,

briver preference and the greater feeling of confidence during

this test phase were awarded to the standard M151 truck, principally due
to the relatively superior ride quality.

13




2,6 HILLY CROSS-COUNTRY OPERATION

2,6,1 Objective

To provide jury evaluation of the comparative ride and handling
ciaracteristics of the test vehicles operating on hilly cross-country
roads.

2,6,2 Method

Each of six jury drivers operated each vehicle for at least one
cycle on the 3.8-mile-long hilly cross-country course at Churchville
Test Area, under each of the following load conditions:

a. Vehicle empty,

b. Vehicle empty, towing empty trailer.

c¢. Vehicle with cross-country payload.

d. Vehicle with cross-country payload, with 1500-pound gross
towed load,

The test course was composed of soil and stone roadbed with
grades up to 27%, some washboarding, and scattered surface looseness,
Weather was dry at all times,

Each driver answered the questionnaire once fcr each load con-
dition, a total of four times during this test phase.

2,6.3 Results

Jury voting results are tabulated in Appendix I-1S.

Average speeds attained on this course were as shown in Table III,

Table IIl. Road Speeds, Hilly Cross-Country Operation

Average Speed, mph

Individual Driver Over-All
Modified Standard Modified Standerd
Load Condition M151 M151 M1S1 M151
Empty 27.3 to 30.9 28,7 to 32,0 28.90 30.50
tmpty, with empty 26,2 to 29.5 27.0 to 30.8 27.27 28,05
trailer
14
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Table III (Cont'd)

Average Speed, mph

Individual Driver uver-All
. Modified Standard Modified Standard
Load Condition M151 M151 M151 M151
Loaded 29.0 to 33,6 28.7 to 33.5 30.63 30,73
Loaded ,witii load- 25,5 to 28.7 25,3 to 29.3 26,92 27.50

ed trailer

2.6.4 Analysis

The standard M151 truck attained higher speeds through this course
under all loading conditions. In analyzing this rust phase, one
additional factor must be considered - that of deiivered horsepowcr,
The standard M151 truck nad been operated 33,000 miles and,while the
history of the engire is not known, slightly less power was availablle
in climbing hills despite tuneup efforts. It is estimavec that the
relative differences in attained average speeds in the loaded conditions
would have been about 1 mph greater without this condition,

The modified M151 truck has a greater tendency to slide out of
fast turns when loose surfaces are encountered. This is caused by tne
rigid nature of the solid axle rear suspension tending to push the front
end out of the turn. This often necessitated downshifting when entering
curves, which results in a trade-off of speed for additional control,
One side of the modified vehicle did leave the road cslightly on more
than one occasion without mishap. Presence of the trailer greatly in-
creased this tendency.

In comparison, the flexibility of the standard independent rear
suspension allows the rear wheels to reach down into a soft surface,
enhancing traction and lateral stability as long as limitations are not
exceeded,

The jury decided that the modified vehicle leaned more in turns
and that the standard vehicle produced a better feeling ot confidence
and control in this environment. This is thought to be the results of
the presence of some degree of outer rear wheel tuck-under; however,
this effect is less pronounced on this type of road than on paved surfaces,

Voting un the issue of steering control while braking gave little
information because of intermittent brake grabbing on each vehicle,
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Ride quality of the standard vehicle is not as decidedly superior
on this course due to the less severe surface condition. Under loaded
conditions, superiority of ride in this vehicle could be described as
very slight,

The jury'unanimously preferred the standard M151 truck on this
course,

2.7 MUNSON COURSE OPERATION

2.7.1 Objective

To provide jury evaluation of the comparative ride and handling
characteristics of the test vehicles operating on gravel and Belgian
vlock courses,

2.7.2 Method

Each of six jury drivers operated each vehicle for at least one
cycle on the gravel road (10,840 feet long) and Lelgian block section
(3934 feet long) of the Munson Test Area, under each of the fellowing
load conditions:

a. Vehicle empty,
b. Vehicle empty, towing empty trailer,
¢. Vehicle with cross-country payload.

d. Venicle with cross-country payload,with 1500-pound gross
towed load.,

The gravel test course .s composed of graded compacted gravel;
the Belgian block course is paved with unevenly laid granite blocks
forming an undulating surface, Weather was dry at all times.

Each driver answered the questionnaire once for each load

curdition, a total of four times during this test phase,

2.7.3 Results
Jury voting results are tabulated in Appendix I-lé6.

A nominal target speed of 2U mph was established for Belgian
block operation. Average speeds were not recorded due to the presence
of smooth paved road in this loop which caused large and misleading de-
viations in resultant averazes,
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Average speeds attained on the gravel course were as shown in

Table 1V,
Table IV, Road Speeds, Munson Course Operation
Average Speed, mph
Individual Driver Over-All
Modified ‘Standard Moditied Standard

Load Condition M1:1 M151 M151 M151
Enpty 31.4 to 32.4 31.4 to 32,5 31,80 32,65
Empty,with empty 31,1 to 34,0 31.8 to 32,8 32,83 32.32

trailer
Loaded 28,9 to 38,0 31.8 to 41,0 32,85 34,92
Loaded,with load- 28.6 to 36.7 31.13

ed trailer

2.7.4 Analzsis

29.3 to 34,3 31.48

Ride quality of the standard vehicle was decidedly superior on

Belgian block; this superiority was less pronounced on gravel,

In loaded

conditions, each vehicle was nearly equal in this respect on Belgian
block and completely equal on gravel,

Stability was not a factor in Belgian block operation.
the modified M151 truck exhibited noticeably greater slide tendencies
but the standard M151 lost some preference votes when its rear wheels

tended to stick in road ruts and thus hamper control slightly.

On gravel,

Driver preference in this phase was the standard M151 truck,
Principal reasons appear to be the lesser wheel turning requirement and
the better ride quality of the standard M151 vehicle, as opposed to the
sliding tendencies of the mo.dified M151,
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SECTION 3, APPENDICES

APPENDIX I - TEST DATA

TRUCK, UTILITY, 1/4 TON, 4xh, M151, USA REG. NO. 2E9033 & 2E2976

SKETCH CF COURSE UTILIZED FOR INSTRUMENTED VEHICLE
HANDLING CRARACTERISTIC TESTS

Surface: Level, Paved
Dates of Test: 15 - 17 October 1965

Dual Lines Painted on Road
Surface, 5 Fect Apart.

400 -
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300-1 - L0 Ft. Radius Curve
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. TRICK, UTILITY, 1/4 TON, 4Xlk, M1S1, USA REG. NOS. 2E9033 & 2E2976

I SFLECTION - IRCHES

JOUNCE

ROAD WHEEL-TO-BODY REIATIVE
REBOUND

JOUNCE

ROAD WHEXL-TO-BODY RELATIVE DEFLECTION WHILE CORNERING 25 FT
RADIUS CURVE AT STEADY SPEED - COMPARISON OF STANDARD AXLE
(VEHICLE NO. 2EG033) AND SOLID AXLE (VEHICLE NO. 2E2976)

Test Condition: Vehicle W/O Payload; Weight (Excluding Driver)
2780 Lb - Vehicle No. 2B9033
2690 Lb - Vehicle No. 2E2976
W/0 Towed Load

Dates of Test: 15-17 October 1965

Yoroe = - 1 e e Wheel
Front Wheels . Curve Position
i s Right Front
—x Right Rear
‘ Y=-—0 left Front
N :\ : a—a Left Rear
‘ ‘?‘x\i
. S0lid Lines: Standard
/-/!\_ |
L™ Axle
e @ 1
> ‘ . Dashed Lines: 5olid
' Axle

| |
; | |
E—— T l | ; l £ PUPOE TP A _......_,.A_____J
Note: At the nominal speed of 20 mph, the stand-
ard vehicle outside rear wheel deflects from max.
4 ejgynge,. Point A, to rebound, Point B.

P\ Rear Wheels ‘ ‘
A : , X
A\ : / ;
s \ /o
o, I\ - - " _
pey i
1 \\ }
A ‘. t /X |
X s N I // B el
.A - \\ =2 —x
- B ey :\\\ ,/// P -
O e oo o e :’_-},~~'-"":'-l SR —_—
| e S~
Pt A
- ~ ~.
XX ~lp
_A A ¥
el ] e e S — -
20 10 0 10 20

ROAD SPEED - MPH ;
370 3M1 32 333 ™ Vehicle No. 2E9033
bog 370 Left Turn Right Turn 33¢  3¢7 = Vehicle No. 282976

Steering Wheel Angle - Degrees Engr & Environmental Test Br i
- Development & Proof Services |
| Aberdeen Proving fround, M. i

I-2 %_R!,_a_x_n‘t_)_c__r}[gkc /3 November 1965
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INCHES

ROAD WHEEL~TO-BODY RELATIVE DEFLECTIOK -

TRUCK, UTILITY, 1/4 TON, 4xl, M151, USA REG. NOS. 2E9033 & 2E2976

ROAD WHEEL-TO-BODY RELATIVE DEFLECTION WHILE CORNERING A 25 FT
RADIUS CURVE AT STEADY SPEED - COMPARISON OF STANDARD AXLE
(VEHICLE NO. 2E9033) AND SOLID AXLE (VEHICLE NO. 2E2975)

Test Condition: Vehicle W/0O Payload; Weight (Excluding Driver)
2780 Lb - Vehicle No. 2E9033
2690 Lb - Vehicle No. 2E2976

W/500 Lb Towed Load
Dates of test: 15-17 October 1965

it oy crs S TEm1 ) o premrir | B o o A Wheel
r Front Wheels f Curve Position
g | ‘
= . [ | o Right Front
| !
i ! | .
é o) f i / X—x Right Rear
2—— ey _.,4-4. ) SRR S e e = i s A ¥ R 5
3 1 ! / o—o Left Front
\‘:\\‘\\ | ; 5 )
s 1\\ | | a—s Left Rear
[l l |
: N / F {Solid Lines: Standard
O ! - <. i o Axle
| - O | '
& ~0--.., |Dashed Lines: Solid
3 /:fil/ T2, Axle
§ il I ' )
S | ~
2 l

[ L o SRR SR (S Pt RSO WU e
Note: At the nominal speed of 20 mph, the standard
vehicle outside rear wheel deflects from maximum
L_.Jounce, Point A, to rebound, Point B.

Rear Wheels ‘. T '/"‘;

REBOUND

JOUNCE

ROAD SPEED - MPH X
324 335 324 333 < Vehicle No. 2E9033
365 332 left Turn Right Turn 280 310 <— Vehicle No. 2E2976
Engr & Enviromental 'Iﬁest Br
Development & Proof Services
Aberdeen Proving Ground, Md. |
I1-3 Rla.mbert/skc/3 November 1565 |

Steering: Wheel Angle - Degrees
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ROAD WHEEL-TO-BODY REIATIVE DEFLECTION ~ INCHES

REBOUNRD

JOUNCE

JOUNCE

Test Condition:

TRUCK, Umri'!, 1/4 TON, Lxh, M151, USA REG. NOS. 2E9033 & 2E2976

ROAD WHEEL-TO-BODY RELATIVE DEFLECTION WHILE CORNERING A 25 FT
RADIUS CURVE AT STFADY SPEED - COMPARISON OF STANDARD AXLE
(VEHICLE NO. 2E9033) AND SOLID AXLE (VEHICLE NO. 2E2976)

Vehicle W/Payload; Weight (Excluding Driver)

3030 Lb - Vehicle No. 2E9033
2940 Lb - Vehicle No. 2E2976

W/0 Towed Load

Dates of Test: 15-17 October 1965

4 v . Wheel
Pront Wheels i Curve Position
oo Right Front
| x—x Right Rear
2 -t
; o—o Left Front
~ B i - a—a left Rear
\\\\ ,//// ;
0 . Sl i | S0l1d Lines: Standard
T i Axle
e / \““. Dashed Lines: Solid
! | ! Axle
|
2 | 0 .l
NOTE T At the nominal specd of 20 mph the ‘standard
4 vehicle outside rear wheel deflects from mmq.mun
y .\ .dounce, Point A, to reboundLA Eg;gj;_B_ _________
\ Boer Wl T
\ [
2L__\A ‘.' . !
A_\ \ ’ i
2 X SN /
‘x<— B ‘: 5 / I !
! '
| e
| i L
i" x - \ L.,
- i l : A
2 o iy e S S T R 0 SR e e o rm ¢ - ) ._,-..,.L_- Mo el
20 10 0 10 20
ROAD SPEED - MPH
423 398 387 363 < Vehicle Ro. 2B9033
b7 W left Turn Right Turs 373 455 <— Vehicle No. 2E2976

Steering Wheel Angle - Degrees

Engr & Enviromeentel Test Br

Development & Proof Services
' Abardeen Proving Ground, Md.
1-4 [ RLambert/skc/3 November 1965
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ROAD WHEEL-TO-BODY RELATIVE DEFLECTION - IDICHES

REBOUND JOUNCE

JOUNCE

TRUCK, UTILITY. 1/4 TON, Uxh, M1S1, USA REG. NO. Z2E9033 & 2E2976

ROAD WHEEL-TO-BODY RELATIVE DEFLECTION WHILE CORNERING A 25 F'l‘
RADIUS CURVE AT STEADY SPEED - COMPARISON OF STANDARD AXLE
(VEHICLE NO. 2E9033) AND SOLID AXIE (VEEICLE NO. 2E2976)

Test Condition: Vehicle W/Payload; Weight (Excluding Driver)
3030 Lb - Vehicle No. 2E9033
2940 b - Vehicle No. 2E2976

W/1500 Lb Towed Load

Dates of Test: 15-17 October 1965

N e e — Wheel
Front Wheels li Curve Position
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°\\ | Left Front
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\‘ Sls . | /// /
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a NOTE: At the ixominal speed of 20 mph, the standerd
\ vehicle's outside rear wheel deflects from maximum

. \_Jounce, Point A, to rebound, Point B.
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Steering iheel Angle - Degrect |uner & Tnvirommental Test Br
Development & Proof Services

Aberdeen Proving Ground, Md.

1-5 RLambert/ske/3 November 1965




"TRUCK, UTILITY, 1/4 TON, LxL, M151, USA REG. NO. 2E9033 (STANDARD REAR AXLE)

SUMMARY DATA - IATERAL ACCELERATTION RECORDED AT EACH CORNER OF THE
VEHICLE WHILE CORNERING A 25-FT RADIUS CURVE

Vehicle Weight: (Excluding Driver)
2780 1b - W/O Payload
3030 Lb - W/Payload

Dates of Test: 15 ~ 17 October 1965

Lateral Acceleration - g

Direction Road Speed Right Right Left left
Test Condition of Turn Mph Front Rear Front Rear
W/0 Payload
W/0 Towed Load Right 1k.0 0.4 0.4 0.6 0.6
18.5 0.6 0.8 0.9 0.9
Left 15.5 0.6 0.6 0.6 0.6
19.5 0.9 0.9 0.8 1.0
W/0 Payload
W/500 Lb
Towed Load Right 14.9 0.5 - 0.6 0.6
19.4 0.7 - 0.9- 0.9
Left 15.€ 0.7 - C.€ 0.7
18.5 0.9 0.9 0.7 0.9
W/Payload
W/0 Towed Load Right k4.0 0.5 0.5 0.6 0.7
10.0 0.7 0.7 c.9 1.0
Left 15.3 0.7 0.7 0.7 0.6
19.4 0.9 1.0 0.8 0.9
w/Payload
W/1500 Lb
Toved Load Right b9 0.4 0.4 0.5 0.7
20.1 0.6 0.7 0.8 0.9
Left 1%.7 0.7 0.7 0.8 0.7
18.9 0.9 0.9 0.9 0.9
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TRUCK, UTILITY, 1/4 TON, Xk, M151, USA REG. NO. 2E2976 (MODIFIED REAR AXLE)

SUMMARY DATA - LATERAL ACCELERATION RECORDED AT FACH CORNER OF THE
VERICLE WHILE CORNERING A 25-FT RADIUS CURVE
Vehicle Weight: (Excluding Driver)

2690 Lb - W/0 Payload
2940 Ib - W/Payload

Dates of Test: 15-17 October 1965

Lateral Acceleration - g

Direction Road Speed Right Right Left Left
Test Condition of Turn Mph Front Rear Front . Rear
W/0 Payload
W/0 Towed Load Right 4.6 0.5 0.5 0.6 0.6
18.9 0.7 0.7 0.9 1.0
20.1 0.7 0.7 1.0 1.0
Left 1k.7 0.6 0.6 0.6 0.7
19.1 0.9 0.9 0.8 0.9
2.5 1.0 1.0 0.9 0.9
W/0 Payload
W/500 Lb
Towed Lcad Right 13.7 0.4 0.4 0.5 0.5
17.8 0.6 0.7 c.8 0.8
20.8 0.8 0.8 0.8 0.8
Left 1L.6 0.6 0.6 0.5 0.5
18.8 0.8 0.9 0.7 0.8
15.6 0.9 1.0 0.7 0.8
W/Puyload
w/0 Towed Lcad Right 13.8 0.4 0.4 0.7 0.7
10.0 0.7 0.7 1.1 1.2
£3.3 0.8 0.7 1.2 1.3
Left 14.3 0.7 0.6 0.7 0.7
1¢.2 0.9 0.9 c.9 1.1
20.5 1.0 1.0 1.0 1.1
W/Payload
W/1500 Lb Fight 4.6 0.5 0.4 0.7 0.7
Tcwed Load Xt 0.7 0.7 1.1 1.1
left 1.4 0.6 0.¢ 0.7 0.7
£.6 0.9 0.9 0.9 1.0
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TRUCK, UTILITY, 1/h TON, Lxh, M151, USA REG. NO. 2E2976
(MODIFIED REAR AXLE)

SUMMARY DATA - STEERING WHEEL AND ROAD WHEEL DEFLECTIONS WHILE
CORNERING A 25-FT RADIUS CURVE
Vehicle Weight: (Excluding Driver)

2690 Lb - W/0 Payload
2940 Lb - W/Payload

Dates of Test: 15 - 17 October 1965

Test Direction Road Speed Steering Wheel Deflection - Inches #
Condition of Turn Mph Wheel Angle Right Right Left Left
Degrees Front Rear Front Rear
W/0 Payload
¥W/0 Towed Load Right 20.1 370 2.2 1.1 -5.8 -1.5
Left 20.5 L66 -1.2 -1.k 2.7. 1.5
W/0 Payload
W/500 Lb .
Towed load Right 20.8 254 2.2 0.9 -0.9 -1.1
Left 19.6 374 -1.2 -1.2 2.6 1.2
W/Payload
W/0 Towed load  Right 23.3 475 21 1.2 -1.0 -1.8
Left 20.5 511 -0.9 -1.2 3.5 1.8

* Positive values denote wheel deflection as rebound; negative values
denote it as jounce.

1.8
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ROAD WHEEL-TO-BODY DEFLECTION - INCHES

TRUCKS, UTILITY, 1/4 ToN, 4xl, M151, USA REG. NO. 2E9033 & 2E2976

TRACINGS FROM OSCILLOGRAMS - SHOWING RELATIVE WREEL DEFLECTIONS WRILE
CORNERING A 25-FT RADIUS CURVE

Test Condition: Vehicles W/O Payload, W/O Towed Load
Average Speed: 19.7 Mph
Dates of Test: 15 - 17 October 1965

Direction of Turn: Left

Pbsitive trace deflection denotes wheel deflection toward
#1.5 —— .o . -.. the vehicle. :<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>